Background: The use of smartphones and mobile devices has become widespread, particularly among youth, and the possible impacts on hand function and structures have not been clarified during bilateral and unilateral use of smartphone.
Introduction
SMARTPHONES are becoming global, and mobile internet services are extensively used for various sorts of applications, including collaboration, e-learning, and much more. Long-term use of smartphones causes continuous mechanical stress on the tendons, muscles, nerves, and perimetric tissue, which can induce musculoskeletal Given the mobile nature of smartphones, users often hold the device with a single hand, which forces only the thumb to use the keys. In addition, it has been reported that university students spend, on average, >3.5 hours/day texting, e-mailing, scheduling, and internet browsing on their mobile phones. In a study on incidence of carpal tunnel syndrome in automobile workers, the annual incidence of CTS was found to be 10%. Single-handheld smartphone use compels individuals to engage in repetitive flexion/extension of the wrist and thumb. These repetitive movements are involved in the etiopathogenesis of CTS because the median nerve is exposed to repetitive overload, and the median nerve enlarges [2, [4] [5] [6] [7] .
Recent evidence has indicated that frequent smartphone users are more susceptible to have swollen median nerve, impaired hand function and reduced pinch strength. Using of smartphone can lead to CTS via affecting the median nerve. It has been reported by karlson that, 74% of all mobile hand-held device users most frequently used the device with a single hand. Few studies have focused on the actual methods of handling mobile devices, although it is known that the physical demands of one-handed use are greater than those of operation with two hands [8] [9] [10] [11] .
So in the present study, we investigated changes of CSA of median nerve of smartphone users operating a smartphone with bilateral hands and with unilateral hand, providing new data on smartphonerelated health problems. 
Subjects and Methods
Subjects: Fifty-six right handed healthy subjects (20 male and 36 females) aged from 18-25 years old were recruited from Faculty of Physical Therapy, Kafr El-Sheikh University in the period from October 2018 to December 2018.
Inclusion criteria:
All subjects were able to read and write in English & using smartphone.
All subjects writes on smartphone by their thumb. Before the experiment, the purpose and procedures of the study were fully explained to all subjects, and all subjects subsequently voluntarily agreed to enroll in the present study. General characteristics of the subjects were measured age (20.36 ± 1.6) years, height (167.18 ±9.66) cm, weight (69.71 ±4.23) kg, and BMI (24.04 ± 3.27) kg/m 2 .
Exclusion criteria:
Subjects who had history of CTS including pain, tingling, burning, numbness, or a combination of these symptoms on the palmar aspect of the thumb, index finger, middle finger, or radial half of the ring finger, wrist surgery, underlying disorders associated with CTS including diabetes mellitus, rheumatoid arthritis, acromegaly, hypothyroidism, pregnancy, or obesity (body mass index >30kg/m 2 ), anatomic variations in the median nerve including bifurcation proximal to distal radioulnar junction, neck pain or spondylosis.
Instrumentation: Ultrasonography:
High-resolution ultrasonography (13MHz M-Turbo system; SonoSite Inc., Bothell, Washington) [12] .
Methods:
Transducer placement and procedure for measuring CSA of median nerve:
An ultrasound transducer was placed transversely at the level of carpal tunnel the ultrasound transducer was carefully held without applying any pressure on the participant's skin, and was maintained at an angle perpendicular to the median nerve. Median nerve CSA was determined by performing a boundary trace along the border between the hypoechoic inner median nerve and the hyperechoic outer epineurium [13] .
Measurements:
A trained sonographer performed all ultrasound measurement while same smartphone was used in the study.
All participants were requested to sit on a chair facing the examiner with shoulder slightly abducted, the elbow of dominant hand flexed approximately at 90, forearm rested on the table in partially supinated (approximately 45º) to enable them to assume a posture generally applied when using a smartphone for text messaging. During the ultrasound examination, participants were instructed to move their thumb and keep other parts of the hand still when writing on smartphone [13, 14] .
An ultrasound transducer was placed transversely at the level of carpal tunnel to avoid undesirable physical contact of the flexing thumb or fingers with the transducer. The lunate bone was identified as the bony landmark for the correction of any minor hand movement that may occur during typing [13] .
The subjects were typed (effect of smartphone) and repeated the phrase for one minute and ultrasound video was recorded then images will be captured from ultrasound video at carpal tunnel and the average was taken for determination of CSA of median nerve when using bilateral hands then unilateral hand.
Data analysis:
Measured data were analyzed and their mean values and standard deviation were calculated.
Paired sample-t-test was used to compare variables that measured in subjects. All statistical significance levels were α≤ 0.05.
Results

1-Demographic data:
As shown in ( Table 1) the study included 56 right handed subjects 20 male and 36 females as shown in Fig. (1) , there mean age value was (20.36 ± 1.6) years with minimum value of 18 and maximum value of 25 years, height mean value was (167.18 ± 9.66) cm and it ranged from 148 to 186cm, weight mean value was (69.71 ± 12.35) kg with minimum and maximum values of 45 and 91.5kg respectively, and finally, subjects BMI mean value was (24.04 ± 3.27) kg/m 2 and it ranges between 18.14 and 29.71 kg/m 2 .
2-Statistical analysis of CSA of median nerve during bilateral hands Vs. unilateral hand use of smartphone:
As shown in (Table 2 ) and Fig. (2) the mean value of CSA with two hands was (0.502 ± 0.094) cm 2 , while the mean value of CSA with one hand was (0.582 ± 0.091) cm 2 . Statistically, there was statistically significant higher CSA of one hand in Mai E. Mousa, et al. 2203 comparison to CSA of both hands ( p-value <0.001) with 13.7% percentage of difference. 
Discussion
In the present study CSA of the median nerve was higher when the participants writing with one hand than both hands indicate that the morphology of the median nerve may be affected by rapid digit movement and the intensive thumb-tapping activity led to a swelling of the median nerve. Smartphone users typically adapt their thumb and hand postures to the constraints of the phone design layout that may impact their performance. Incorrect posture, such as repetitive use of the thumb, may impact the median nerve and the structures in the hand. the median nerve is exposed to repetitive overload, CTS may develop, and the median nerve enlarges [5, 7, 15] .
The results are in line with . Inal et al., who stated that smartphone overuse enlarges the median nerve, causes pain in the thumb, and decreases pinch strength and hand functions especially Who have a habit of single-hand-held smartphone use. Also the results of this study agree with Woo et al., who reported that overuse of electronic devices enlarges the median nerve within the carpal tunnel, resulting in numbness, tingling, and pain in the hand [8, 16] .
The results of the present study was supported by those reported by Toosi et al., who found that acute increase in the area of the median nerve following 1hr of keyboarding with a computer keyboard. This suggests that keyboarding has an impact on the median nerve. Also the results of current study strengthened by Altinok et al., who concluded that immediately after provocative exercises imitating work-related stresses the nerve area at the middle level and the swelling ratio had significant higher. The results are in the line with Lee et al., who stated that smartphone use with both hands reduce the risk of musculoskeletal problems [3, 15, 17] .
Nevertheless, Impink et al., reported contradictory findings, in which a reduced cross-sectional area was observed after participants engaged in a wheelchair sporting activity. We postulate that such discrepancy may be caused by the difference in the nature of the activities: The wheelchair sporting activity involved solely upper-limb exercise and was more vigorous than mouse clicking and rapid
The results of the present study can be explained 0.582 0.091 by the finding of Lai et al., who suggested that the median nerve became swollen after the students performed rapid mobile phone keying for 5min, indicated by a significant increase in the crosssectional area [14] .
keying, leading to a significant increase in carpal tunnel pressure that compensated for the swollen median nerve [18] .
The results of current study not in agreement with Shim et al., who found that the median nerve circumference and area were decreased after subjects asked to use a smartphone for 30 minute, and the difference was statistically significant ( p<0.05). A reduction in the size of the space within the carpal tunnel was due to thickened muscles and ligaments after the use of smartphones, and, thus, these soft tissues pressed on the median nerve. that may be due to small sample size and different age group [19] .
Also the results of current study disagree with Woo et al., who stated that performing different hand activities led to a gradual reduction in CSA of the median nerve, with thumb opposition together with the wrist in ulnar deviation causing the greatest extent of deformation of the median nerve. It may be due to the enlargement of tendons and soft tissues in the carpal tunnel that reducing the amount of space available for the movement of median nerve. That may be due to change position of wrist with movement of thumb [13] .
Conclusion:
Unilateral hand use of smartphone has higher risk on CSA of median nerve so bilateral hands use of smartphone is recommended than unilateral hand use to reduce risk of carpal tunnel syndrome.
